A rapid and simple method for separating and identifying plasma lipoproteins is described. 
Gradient Gel Electrophoresis of Human Plasma Lipoproteins
High-molecular-weight lipoproteins move slower as the "pore size" diminishes, and thus remain close to the point of application, whereas low-molecular-weight lipoproteins travel further through the gel. The resulting separation of plasma lipoproteins has been compared with the results obtained by preparative ultracentrifugation.
Materials and Methods

Apparatus
The instrument we used for lpoprotein electrophoresis is the "Gradipore" electrophoresis apparatus, based on that described by Margolis and Kenrick (10, 11) and distributed by Townson & Mercer Pty. Ltd., Lane Cove, N.S.W., 2066, Australia. The electrophoresis tank has been modified to accept four gels and is supplied in kit form, together with polyacrylamide gradient gel (4-26%) slabs. Spacers are provided in order that 14 separate applications may be made on each gel.
Reagents
The buffer used for electrophoresis was Sigma "7-9" (Sigma Chemical Co.), 0.06 mol/liter, pH 9.0. This buffer may be used for at least three electrophoresis runs.
Lipoproteins were stained with Oil Red 0 (G. T.
Gurr, C.I. 26125) (12), 0.4 g dissolved in 630 ml of 95% ethanol.
The mixture is heated with vigorous stirring,then 370 ml of warm distilledwater is added. A reflux condenser is fittedand the solution is boiled gently for 1 mm. It is stored at 55#{176}C and can be used for several weeks.
Procedure
Blood was taken by venipuncture from patients who had been fasting for 9 h. Specimens were col- the dense section of the gel. This resolution permitted examination of LDL subclasses in whole plasma according to their molecular size.
The heparin-manganese chloride supernate (HDL) migrated over a broad region close to the anode, and comprised the alpha-lipoproteins.
This diffuse broad band could just be detected by electrophoresis of normal plasma.
Abnormal Lipoprotein Patterns
Hyperlipoproteinemias of types Ha, Hb, IV, and V (Fredrickson classification) were compared with normal plasma (Figure 3 , Table 1 ).
Both types Ha and lIb demonstrated a marked increase in the intensity of the principal LDL band. Type llb was differentiated from Ha by the presence of increased staining close to the point of application, consistent with an increase in VLDL.
In Fredrickson type IV hyperlipoproteinemia, the following features were observed:
#{149} The presence of increased intensity of staining in the 4 to 5% polyacrylamide region, consistent with an increase in VLDL.
#{149} The principal LDL band was of lower molecular weight than normal, and migrated further down the gel.
#{149} Additional lightly staining low-molecular-weight LDL bands appeared in front of the main band.
The pattern obtained from type V plasma was similar to that from type IV, but it was associated with increased staining at the point of application owing to the presence of chylomicrons, which had failed to enter the gel.
Discussion
The molecular weight of each lipoprotein class is variable and has a direct relationship to density (2, 3).
For this reason, separation of the lipoproteins according to molecular size can be achieved satisfactorily by using pore-limit electrophoresis (10, 11) . The results obtained, particularly in the separation of LDL subclasses, are comparable with those achieved by the more expensive and complicated ultracentrifugation technique. Until now, the only method for the definitive typing of lipoprotein disorders has been ultracentrifugation, which requires several days to complete and the availability of expensive instrumentation. Gradient gel electrophoresis requires only 5 to 6 h, and provides detailed information, comparable to that obtained over several days by ultracentrifugation.
The technique is reproducible and can be used for the densitometric assessment of lipoproteins when a known density sample is run on each gel for comparative purposes.
Subclasses of the LDL lipoproteins in plasma have been better separated than was possible by other electrophoretic techniques. VLDL remain close to the point of application and HDL distribute broadly in lower part of the gel. The HDL class are the smallest of the lipoproteins and their diffuse spread ercholesterolemia and (or) hypertriglyceridemia, produces recognizable and reproducible patterns. With plasma of Fredrickson type IV, an intense VLDL band appeared close to the point of origin but the pattern also showed distinct differences in the LDL region from that of normal serum. There is greater molecular heterogeneity of the LDL in type IV plasma than occurs in normal plasma, type Ila or JIb. Plasma obtained from type II hyperlipoproteinemia shows an intense LDL band with a varying number of subsidiary bands, indicating less heterogeneity in this region than is seen in type IV. There are minor variations in molecular weight of the principal LDL fraction in patients with type H hyperlipoproteineIn type IV hyperlipoproteinemia, the principal LDL band is of lower molecular weight than normal. It is associated with multiple, less-intense LDL bands extending throughout the LDL range. Fisher et al. (18, 19) have described the presence of a family of LDL's of different densities and molecular weights throughout the LDL range in type IV hyperlipoproteinemia. They claim that this pattern contrasts with normal and type II hyperlipoproteinemia, where the heterogeneity is less marked. The staining of the LDL fractions obtained on gradient gel electrophoresis supports their findings.
TIle lipoprotein classes are easily, rapidly, and cheaply separated by gradient gel electrophoresis. It is suitable for regular use in a routine clinical laboratory and provides information comparable with that obtained from more expensive and prolonged studies by preparative ultracentrifugation.
